Background. Small vessel vasculitis commonly affects the kidney and can progress to end-stage renal disease. The goal of this study is to compare outcomes of patients who received a renal transplant as a result of small vessel vasculitis (group A) with those who received kidney transplants because of other causes (group B). Methods. This is a retrospective analysis of United Network for Organ Sharing registry data for adult primary kidney transplants from January 2000 to December 2014. Group A patients (N = 2196) were compared with a group B (N = 6588); groups were case matched for age, race, sex, donor type, and year of transplant in a 1:3 ratio. Results. Renal and patient survivals were better in the group A (P < 0.001). New-onset diabetes after transplant developed in 8.3% of the group A and 11.3% of group B (P < 0.001). Seventeen (0.8%) patients in group A developed recurrent disease. Of these, 7 patients had graft failure, 3 of which were due to disease recurrence. Group A patients had significantly higher risk of developing posttransplant solid organ malignancies (11.3% vs 9.3%, P = 0.006) and lymphoproliferative disorder (1.3% vs 0.8%, P = 0.026). Independent predictors of graft failure and patient mortality were recipients' morbid obesity, diabetes, age, and dialysis duration (hazard ratio of 1.7, 1.4, 1.1/10 years, and 1.1/year for graft failure, and 1.7, 1.7, 1.6/10 years and 1.1/year for patient mortality, respectively). Conclusions. Renal transplantation in patients with small vessel vasculitis has favorable long-term graft and patient outcomes with a low disease recurrence rate. However, they may have a higher risk of developing posttransplant malignancies. V asculitides, an immune reactive inflammation in vessel walls, often presents as serious and sometimes fatal diseases that require prompt diagnosis and therapy. 1 In 2012, the International Chapel Hill Consensus Conference revised the nomenclature of vasculitides. 2 Noninfectious vasculitides are classified based on size: large-, medium-, and small-sized vessel vasculitis. Small vessel vasculitis (SVV) includes a variety of serious diseases, such as Henoch-Schoenlein purpura (HSP), anti-glomerular basement membrane (GBM) disease, and antineutrophil cytoplasmic antibody (ANCA) associated vasculitis, which includes granulomatosis with polyangiitis (GPA), eosinophilic GPA (Churg-Strauss syndrome), microscopic polyangiitis (MPA), and renal limited ANCA vasculitis. [2] [3] [4] SVV affects the kidney and can progress to end-stage renal disease (ESRD) in approximately 20% to 40% of cases. [5] [6] [7] [8] Of these ESRD patients, around 30% have received a renal transplant in the last 2 decades. 7 Patients with SVVand anti-GBM have often undergone cytotoxic treatments for their disease and generally have longer exposure to immunosuppressive medications, which may increase their risk of cancer and infection. Subsequently, this can negatively impact graft and patient survival. However, using Organ Procurement and Transplantation Network/ United Network of Organ Sharing (UNOS) data, Shen et al 5 reported that patient and graft outcomes in kidney transplant recipients with GPA were superior to those who received renal transplants due to other causes. Similarly, Kanaan et al 6 reported favorable graft and patient outcomes in patients with HSP after kidney transplantation. These studies, along with others, have shown that the risk of disease recurrence in SVV patients, although relatively low, may still occur and contribute to graft loss. 5, 6, 9 There have been limited data on postrenal transplant nonvasculitic comorbidities, such as diabetes, malignancies, cytomegalovirus (CMV), or other infections, which are known to result from immunosuppression in these patients. 9 To date, there is no large study that looks at posttransplant outcomes in patients with SVV and anti-GBM disease other than survival. Moreover, most previous studies focused only on ANCA-associated vasculitis. The goal of this study is to analyze 1-, 5-and 10-year graft and patient survivals using UNOS database in patients with SVV and anti-GBM disease after renal transplantation and comparing their outcomes with case-matched control patients. Furthermore, this study assesses other outcomes, such as disease recurrence, new-onset diabetes after transplantation (NODAT), posttransplant CMV infection, and malignancies.
MATERIALS AND METHODS
The current study is a retrospective analysis of 15 years of UNOS registry data for primary kidney-alone transplantation from January 1, 2000, to December 31, 2014. Outcomes of adult patients with SVV and anti-GBM disease are compared with a control group of renal transplant patients. Case controls were matched in a 1:3 ratio for recipients' age (exact age by years), sex, race, year of transplantation (categorized to 3 groups), donors' type (deceased or live). The matching was undertaken to eliminate the confounding effect of significant recipient and donor variables on outcomes. Three matched controls were selected for each study patient yielding a total sample size of 8784 with 2196 patients in the cohort and 6588 case controls. We excluded patients younger than 18 years at the time of kidney transplant and those with simultaneous or more than 1 organ transplantation. Data analysis included the cause of ESRD, presence of pretransplant diabetes, whether the patient received preemptive kidney transplantation, dialysis duration before transplantation, body mass index (BMI), HLA mismatch, cold ischemia time, delayed graft function, acute cellular rejection (ACR) within 6 and 12 months of renal transplantation, induction agents used, and maintenance immunosuppressive regimen.
The outcomes studied included renal allograft and patient survival, vasculitis recurrence, NODAT, the development of posttransplant malignancies, and CMV seroconversion. Univariate comparisons of continuous variables were performed using t test or Mann-Whitney U test, depending on the distribution. Variables were analyzed across categories using analysis of variance or χ 2 tests as appropriate. A P value less than 0.05 was considered significant for all tests. A Kaplan-Meier analysis was performed to compare renal allograft and patient survival differences among the groups using log rank tests. Using Cox regression modeling, graft failure and patient death were adjusted to the following covariates: BMI, diabetes, age, dialysis duration, PRA percentage, and HLA mismatch. The proportional hazard's assumption was tested through insertion of a time and effect interactive term in the Cox models. Sensitivity to competing risk was assessed by analyzing the impact of competing death risk on the allograft survival. We compared graft and patient survival based on etiology of ESRD and diabetic status of the patients as well as according to the type of vasculitis (anti-GBM disease, GPA, MPA, and HSP). Statistical analysis was performed using SPSS version 24 (IBM Inc., Armonk, NY, USA) except for the competing risk modeling which was performed using SAS version 9 (SAS Inc., Cary, NC).
RESULTS
We identified 2197 patients with SVV and anti-GBM disease from the UNOS data set (group A), and successfully matched 2196 of them with 6588 patients in the data set (group B). The mean age of patients was 48.8 ± 15.9 years. The majority were white (80.0%) and male (55.1%). Most of the organs came from young, white, deceased donors ( Table 1 ). In group A, 1167 had GPA, 675 had anti-GBM disease, 174 had HSP vasculitis, 173 had MPA, and 7 patients had Churg-Strauss syndrome. The main reason for kidney failure in group B was glomerular diseases (25.2%), diabetes (21.8%), hypertension (17.4%), and polycystic kidney disease (11.8%).
The mean ± SD BMI for the group A was 26.55 ± 5.29 and 27.44 ± 5.54 in group B (P < 0.001). Before renal transplantation, 6.3% of group A patients had diabetes mellitus compared with 27.9% in group B (P < 0.001). More patients in group A had dialysis before renal transplantation with longer mean dialysis duration (P < 0.001 and 0.014, respectively). Group A patients had higher PRA% but better HLA crossmatching (P = 0.008 and P < 0.001, respectively). Thymoglobulin was the most widely used induction agent in both groups. The majority of patients in both groups received maintenance steroids, tacrolimus, and mycophenolate mofetil. There were no statistical significant differences between groups regarding induction and maintenance immunosuppressive regimens. The demographic and transplant-specific characteristics of each group are detailed in Table 1 .
The median graft survival time was 13.0 years (95% confidence interval [CI], 11.9-14.2) in group A and 10.6 years (95% CI, 10.5-10.7) in group B patients (P < 0.001). The median patient survival time was 14.3 years (95% CI, 13.4-15.2) in group A and 12.3 years (95% CI, 12.2-12.4) in group B patients (P < 0.001). The 1-, 5-, and 10-year graft survival was 95.5%, 83.1%, and 59.6% in group A, respectively, and 93.9%, 77.0%, and 54.3% in group B patients, respectively ( Figure 1 ). The 1-, 5-, and 10-year patient survival was 98.3%, 90.2%, and 68.9% in group A, respectively, and 97.1%, 85.0%, and 62.8% in group B patients, respectively ( Figure 2 ). In group A, 9.7% of patients were lost to follow-up at a median time of 3.9 years. For the group B patients, 10.0% of patients were lost to follow-up at a median time of 3.5 years.
Compared with diabetic patients, those who did not have diabetes had better graft and patient survivals in both groups (Figures 3 and 4, P < 0.001 in both). The estimated graft and patient survivals were better in patients with polycystic kidney disease and were worst for patients who had diabetic nephropathy as a reason for ESRD ( Figures 5 and 6 , P <0.001 in both). There were no statistical significant differences in graft survival between the 4 vasculitis subgroups (Figure 7 , P = 0.375). Kidney transplant recipients with GPA had the lowest, whereas HSP patients had the highest patient survival compared with the other 2 subgroups with MPO and anti-GBM disease (Figure 8 , P < 0.001). There was no significant difference in CMV seroconversion in both groups (P = 0.187 and 0.841, for IgG and IgM, respectively). NODAT developed in 8.3% of patients among group A and 11.3% in group B (P < 0.001).
Disease Recurrence
Seventeen patients in the group A developed disease recurrence (0.8%). The mean time to disease recurrence was 24.4 ± 15.0 months. Seven of these patients had graft failure, 3 due to disease recurrence, with the remaining 4 due to other reasons. Details of the timing and impact of recurrence on renal transplant and patient survival are described in Table 2 .
Posttransplant Malignancies
More patients in group A developed solid-organ malignancies and posttransplant lymphoproliferative disorder (PTLD) (P = 0.006 and 0.026, respectively). There was no significant difference between both groups in the occurrence of skin cancers or recurrence of primary malignancies after transplantation. There was no available information about Epstein-Barr virus (EBV) status at the time of cancer diagnosis. However, at the time of transplantation, there was no significant difference in the EBV serology status between the groups (Table 3) .
Adjusted Graft and Patient Survival Using Cox Regression Modeling
Multivariable Cox regression analysis showed that independent predictors of graft failure and patient mortality were recipients' morbid obesity, diabetes, age, and dialysis duration (hazard ratio [HR] of 1.7, 1.4, 1.1/10 years, and 1.1/year for graft failure, and 1.7, 1.7, 1.6/10 years and 1.1/year for patient mortality, respectively). After adjustment for these factors, patients with vasculitis or anti-GBM disease maintained favorable graft and patient survival (HR, 0.8 and 0.9 for graft failure and patient death, respectively) ( Table 4 and 5). Application of a competing risks (graft failure and death) model had no impact on the vasculitis HRs. Analyses of interactions with a time-dependent covariate were not significant, confirming the proportional hazards assumptions were met.
Causes of Kidney Allograft Loss
Chronic allograft nephropathy was the most common cause of graft loss among both groups (65% in group A and 64% in group B). Acute rejection was the second most common cause of graft loss (23% and 29%, in group A and group B, respectively). Death with a functioning graft occurred in 11% of patients in group A and 15% in group B. None of these results were statistically significant between the 2 groups.
Cause of Death
The most common cause of death in group A was malignancies (21%), followed by infections (16%), then cardiovascular complications (14%). The most common cause of death in group B was cardiovascular events (21%), followed by infections (15%), then malignancies (12%). Unfortunately, the cause of death was frequently missing in the UNOS data set (24% for group A and 28% for group B).
DISCUSSION
Because of the low incidence of SVV and anti-GBM diseases among renal transplant recipients, there is a paucity of large studies evaluating these patients' outcomes. Most of these studies focused only on ANCA-associated vasculitis especially GPA. In this study, using the most recent UNOS data, we compared outcomes of renal transplant patients with anti-GBM disease, ANCA-associated vasculitis (GPA and MPA), and HSP with those who had ESRD secondary to other nonvasculitis causes. Overall, patients with SVV or anti-GBM diseases had relatively better outcome in terms of graft and patient survivals. The SVV and anti-GBM groups were matched to the comparison group by age, race, sex, donor type, and year of transplantation to mitigate the effect of differences in baseline characteristics between both groups. The SVV and anti-GBM cohorts had some favorable characteristics, including fewer HLA mismatches and particularly less diabetes. However, more patients in this group had dialysis before renal transplantation with a longer dialysis duration and overall higher PRA%. Some single-center and limited national studies have reported that the graft and patient survivals for renal transplant recipients with SVV are comparable to other renal transplants. 5,6,10-13 However, several other studies have also reported high recurrence rates of vasculitis after renal transplantation. [14] [15] [16] [17] [18] [19] [20] When we compared survivals after excluding diabetic patients in both the SVV and non-SVV groups, the SVV group still had better graft survival. Yet, when we compared only patients with diabetes in both groups, superior survivals were no longer appreciative in the SVV group. In this study, diabetic renal transplant patients had worse outcomes whether they have SVV, anti-GBM disease, or not. Other studies had reported a similar observation which was mostly attributed to increased cardiovascular risks in diabetic patients. 5, 21 Lim and colleagues 22 investigated in a population cohort study the long-term outcome of kidney transplantation in patients with type 2 diabetes. They found that kidney transplant recipients with type 2 diabetes had significantly poorer patient survival, with 5-year mortality rates exceeding those of nondiabetic patients by over twofold, especially in those younger than 40 years. Furthermore, compared with the general population, there was no evidence of improvement in mortality over time among diabetic patients after kidney transplantation.
There is paucity of information on the nonvasculitic comorbidities, such as infections and malignancies that affect SVV patients after renal transplantation. Also, the frequency of relapses and the influence of disease type on these patients are lacking. Hruskova et al 23 suggested that such information will require collaboration among the transplant and vasculitis centers and the establishment of a large registry. In this study, we tried to explore some of these issues at a national level.
Recurrence
Posttransplant recurrence of vasculitis and anti-GBM disease is a major concern for this group of patients. The reported recurrence rate in the literature has been quite variable. 6, [24] [25] [26] [27] [28] [29] Interestingly, in this study, we found a very low recurrent vasculitis rate that was rarely the cause of graft loss in this cohort. We do not have data on disease control or antibody titers at the time of transplantation; however, most of these patients were on dialysis for more than a year, and they were likely in remission at the time of transplantation. Six (0.9%) of 675 patients had recurrence in the anti-GBM subgroup. A study in the Australia and New Zealand registry found that 2.7% of patients developed biopsy-proven recurrent anti-GBM disease, which led to graft failure in less than 0.5% of patients. 30 They also reported that the graft and patient survivals were better than other patients transplanted for ESRD from other causes. In an older European study, the frequency of recurrent disease was much higher at 14%, 31 which may reflect differences in immunosuppressive use during an earlier era and shorter dialysis duration before renal transplantation in the European study. For example, Briganti et al 32 studied the risk of renal allograft loss from recurrent glomerulonephritis in Australia. They did not observe any recurrence in patients with anti-GBM disease up to 10 years after transplantation. Of note, the practice in Australia is to defer transplantation for 12 months after the completion of treatment in cases of anti-GBM disease.
In this study, the recurrence rates of other vasculitis subgroups are as follows: HSP, 5.7%; GPA, 0.1%; and MPA, 0%. The recurrence rate of our patients with HSP was higher compared with other types of vasculitis. In concordance with our results, several studies have reported a high recurrence rate (15% to 53%) after renal transplantation in HSP patients. 13, 33, 34 Gera et al, 25 in a single-center study, found the recurrence rate of ANCA-associated vasculitis after renal transplantation to be 8.6%. They were unable to identify clear risk factors for recurrence, and their patients had satisfactory response to treatment with no deleterious effect on renal transplant function. Other studies have reported quite variable relapse rates for ANCA-associated vasculitis. For example, Marco et al 35 reported a relapse rate of 0.01 per patient per year, whereas Nachman et al 19 in an older study reported rates as high as 17%. In concordance with our study, Westman et al 28 reported that the relapse rate may be higher in GPA compared with MPA patients.
Influence of Disease Type on Graft and Patient Survival in Group A Patients (Subgroup Analysis)
We did not find a significant difference in graft survival in group A patients based on the type of the disease. However, patients with GPA had a lower patient survival. Tang et al 36 studied the outcomes of 228 MPA and 221 GPA patients in Australia and New Zealand in a multicenter study. They found that graft survival in GPA patients was comparable to non-SVV patients but superior to MPA patients, and MPA patients had worse renal and patient survivals. There were no significant differences in baseline characteristics between MPA and GPA patients except that MPA patients were older. The mean age of our patients with SVV was 48.8 years, whereas the mean age in Tang et al's study was older than 60 years. Suppiah et al 37 studied the cardiovascular events in patients with GPA and MPA. They found that those with a PR3-ANCA showed a reduced cardiovascular risk compared with those with a MPO-ANCA. Cardiovascular risk factors were not assessed in our study.
NODAT
The incidence and impact of NODAT on patient and renal survival has not been clearly reported in the literature in patients with vasculitis. In this study, fewer patients in the SVV and anti-GBM disease group developed NODAT after transplantation compared with the nonvasculitis group. This might be explained by the fact that SVV and anti-GBM patients had a significantly lower BMI and less metabolic syndrome compared with the comparison group. The reported incidence of NODAT is variable and must be interpreted in the context of definition used, time from transplant, study population, and immunosuppressive agents used. Studies reported rates ranging from 7% to 46%. 38, 39 NODAT adversely affects long-term allograft survival. In 1 study, graft survival at 12 years was 22% less in those with NODAT; this was associated with a 3.7 relative risk of graft loss. 40 The consequences of NODAT in vasculitis patients require further studies.
Infections CMV seroconversion was not significantly different between the 2 study groups. In previous studies, the frequency of infections posttransplantation, in general, was not a major concern in patients with ANCA-associated vasculitis 23 and HSP patients. 33 The details of infections are not reported in the UNOS database; therefore, we were unable to study in depth the rate and outcomes of infections in our cohort.
Malignancies
In this study, more patients in the group A developed solid organ malignancies and PTLD. In agreement with this finding, several studies have reported an increased cancer risk in patients with SVVand anti-GBM diseases. Hoffman et al 41 reported an overall increased cancer risk of 2.4 with a 33-fold increased risk for urinary bladder cancer and an 11-fold increased risk for lymphoma in patients with GPA. Similar findings of an increased risk of 1.6 to 3.8 for all sites of cancer were later reported in the literature. [42] [43] [44] [45] In a recent analysis of patients with SVV and anti-GBM disease, Deegens et al 46 noted a significant increase in malignancies (mainly skin cancer) after renal transplantation compared with a matched control group. In contrast, a study from Germany showed no increased risk of cancer at all sites among patients with ANCA-associated vasculitis. 47 Also in a single-center study, Marco et al 35 did not find differences in the incidence of cancer in patients with ANCA-associated vasculitis after renal transplantation. In a previous UNOS analysis, the reported incidence of cancer in patients with GPA was not different (2.9%) compared with other ESRD transplant recipients (3.1%). 5 Our reported cancer rate was relatively higher compared with this previous UNOS study. This could be explained by the younger population age, shorter follow-up period, and difference in immunosuppression regimen in the previous UNOS study. 5 Interestingly, in our study malignancies were the most common cause of death in the SVV and anti-GBM group (21% of all deaths). Geetha et al 48 in a multicenter study reported that cancer accounted for 27% of deaths in renal transplant patients with GPA and MPA, and it was the most common cause of death among these patients. Similarly, Little et al 49 reported in a survey of European transplant centers that the primary cause of death among ANCA-associated vasculitis patients was malignancies (26% of cases), followed by cardiovascular complications in 14% of cases. Geera et al 25 also reported in their single-center study that cancer was the leading cause of death (50% of deaths) in patients with GPA and MPA. On the other hand, Shen et al 5 reported that cancer accounted for a small proportion of deaths among both GPA (1.2%) and non-GPA (0.95%) transplant recipients. These conflicting results can be explained by the use of less toxic therapy, such as less exposure to cyclophosphamide, or a shorter follow-up period. Several studies have shown that the long-term use of immunosuppressive agents after renal transplantation is associated with an increased risk of malignancies, particularly PTLD and skin cancers. [50] [51] [52] Given the higher risk of malignancy and consequent mortalities in patients with SVV and anti-GBM diseases, perhaps, we should appropriately risk stratify and advocate the use of less intense immunosuppressive induction and maintenance regimens.
Study Limitations
Even though this study is the largest in renal transplant patients with SVV and anti-GBM disease, it has some inherent limitations. In particular, it is a retrospective analysis with lack of detailed information on kidney allograft function, complications, and cause of death. Because this study depends on a national database, a relatively small number of unreported or misreported variables could potentially affect the significance of the results. Information regarding vasculitis' disease activity, treatment, and serology status before and at the time of transplantation are lacking in the UNOS registry. Although we did not adjust for the competing risk of death while a graft was still viable, the adjustment to the reported HR for vasculitis was modest. Finally, the Cox regression models were limited to the available factors in the database.
CONCLUSIONS
Renal transplantation in patients with SVVappears to have a favorable graft and patient survival compared with other ESRD patients. The risk of disease recurrence appears to be minimal. However, the risk of malignancy may be increased and contributes to the cause of death in this population. 
